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Somatic cell hybrids were established from the mouse 
myeloma, P3x63Ag8.653 cells, and the spleen cells of a 
mouse hyperimmune to human epidermal cells. Indirect 
immunofluorescence test with hybridoma culture fluids 
displayed that 253 out of 263 hybridoma cultures se-
creted antibodies reactive with the frozen sections of 
human skin. The hybridomas secreting unique antibod-
ies to skin components were cloned and designated as 
AHS-1 to -8. Monoclonal antibodies (MoAb) from AHS-
1, AHS-2, and AHS-3 hybridomas did detect cytoplasmic 
a ntigens present in the epidermal layer, eccrine ducts 
and g lands (except MoAb AHS-1), and hair follicles. 
Enzyme-linked immunosorbent assay showed that the 
a ntigen recognized by either MoAb AHS-1 or MoAb 
AHS-2, but not by MoAb AHS-3, shares the antigenic 
determinant with antigen(s) present in keratin polypep-
tides isolated from human callus. MoAb AHS-4 to -8 
distinctly s tained each morphologic component of the 
skin tissues: cell membranes of epidermal cells by MoAb 
AHS-4, cytoplasms in upper layer cells of epidermis by 
MoAb AHS-5, dermis by MoAb AHS-6, basement mem-
brane zone by MoAb AHS-7, and eccrine ducts by MoAb 
AHS-8. 
Antigens present in t he components of norma l human s kin 
such as intercellular substances (1 ,2], basement membrane [3, 
4], stratum corneum [5,6], and epidermal cell cytop lasms [7,8] 
have been detected with sera fro m patients with s kin diseases 
or xenoantisera raised against human skin or the component(s) . 
Sign ificance of t he a n t igen analysis of skin is stressed by severa l 
reports t hat describe a close correlation between the expression 
o f cytoplasmic antigens and the differentiation of epiderma l 
cells [7,8) or t he stratification of epidermal layers, findings of 
whic h were obta ined by use of antisera against keratin poly-
peptides [6) . 
The advent of t he m onoclonal antibody tec hnique by K ohler 
and Mil s tei n (9) faci li tated the studies o n definite antigenic 
s tructures a nd a n tigen distributions in a variety of ce lls or 
tissues of experime ntal a nima ls and hum a n. Recently, W ood-
cock-Mitchell et a l [10) have prepared monoclonal antibodies 
aga inst huma n keratin a nd obtained 3 different monoclonal 
antibodies t hat were reactive with e ither basal layer, suprabasa l 
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layer , or the entire epidermis. In order to extend the mon oclonal 
technique to the detection of skin -associated antigens, we pre-
pared m onoclona l antibodies to different components of huma n 
skin tissues. This pape r commun icates the preparation of 8 
monoclona l antibodies reactive with different morphologic 
co mpone nts of human s kin. 
MATERIALS AND METHODS 
Materials 
The materials used were obtained from the following sources: RPM I 
1640, Hanks' balanced salt solu tion (HBSS), Eagle's minimum essen-
tial medium (MEM), amphotericin B, and fetal bovine serum (FBS) 
from Gibco Laboratories Inc., Grand Island, New York: dispase, a 
neutral protease, from Godo Shusei Co:, T okyo, Japan; fluorescein 
isothiocyanate (F ITC)-conjugated rabbit antimouse immunoglobulin 
from Dakopatts, Copenhagen, Denmark; perox idase-conjugated F(ab') 2 
of rabbit antimouse immunoglobulins from Zymed Laboratories Inc. , 
San Francisco, Ca lifornia; and antisera for immunoglobulin heavy and 
light chains from Miles Laboratories Inc., Elkhart, Indiana. 
Preparation. of Epidermal S heets 
The method of Okada et a! [11] was adopted with a modification. 
Briefly, the skin fragments (0.2- 0.5 mm thick) were prepared from 
normal human skin resected from the buttock, abdomen, or th igh of 
burn patients. The skin t issues could be discarded, unless to be used 
otherwise for experiments. The sk in donors were 2 17-year-old females 
with blood group A or 0 , a 39-year-old male wi th blood group A, and a 
51-year-old female with blood group A. The skin fragm ents were rinsed 
in HBSS and then soaked in HBSS conta ining 200 units/ml of peni -
cillin , 200 JLg/ml of streptomycin, and 5 JLg/ml of amphotericin B for 2 
h at 4•c. The skin specimens were cut into square pieces measuring 
approximately 10 x 10 mm and incubated overnight at 4•c with dispase 
(200 units/ml) in MEM supplemented with 10% FBS. After incubation, 
t he epidermal layer was stripped ofT and used. A few skin specimens 
were set as ide for histologic observations. For light microscopic obser-
vations, the tissue sections were stained with hematoxylin -eosin . For 
scanning electron microscopic observations they were fixed with 2.5% 
gluta raldehyde in 0.1 M cacodylate buffer (pH 7.4) and then fixed with 
2% osmium tetroxide in the buffer. Following dehydration, the sections 
were treated with liquid C0 2 for cri t ical point dry. After treatment with 
gold vapor, t he tissue samples were observed under a Hitachi S-450 
scanning electron microscope. 
Preparation of Hybridomas 
The epidermal sheets were rinsed wi th 0.02% EDTA in phosphate-
buffered saline (PBS) for 5 min, minced, and then treated with 0.25% 
trypsin in PBS to obtain free cell suspension. The well-washed cells 
were used for immunization immediately after preparation. For furth er 
immunizations, a part of the cell preparations was frozen in FBS 
containing 10% dimethylsulfoxide and then stored at -8o· c until use. 
A fema le BALB/c mouse was immunized with s.c. and i.p. injections, 
each time with 3 X lOG epidermal cells suspended in 1.0 ml of PBS at 
2-week in te rvals. The mou e was further immunized by an i.v. injection 
of 3 X lOG epidermal cells and was sacrificed to obtain spleen cells 3 
days after the immunization. The immune spleen cells (1.0 x 108 ) free 
from erythrocytes were fused with an immunoglobulin nonproducing 
line, P3X63Ag8.653 mouse myeloma cells (2.0 X 107) in 50% polyeth -
ylene glycol 1540 solu tion by incubating for 2 min at 37•c. Aliquots 
(0.2 ml) of the washed cell suspension in 60 ml of RPMI 1640 medium 
containing 10% FBS were inoculated into 272 wells of Costar 96-well 
plates. A half volume of culture medium in each well was replaced by 
an equal volume of RPMI 1640 medium containing 100 JLM hypoxan -
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FIG 1. a, Dispase-treated human skin section. A cleft at the dermal-
epidermal junct ion a nd at an eccrine duct (arrowhead) . Hematoxylin-
eosin , x200. b, Scanning electron microscopic view of the epidermal 
sheet spli t by dispase t reatment. A hair follicle (HF) and eccrine ducts 
(arrowheads) a ttached to an epidermal sheet a re obvious. Bar= 50 ,_,m. 
t hine, 0.4 I'M aminopterin, 16 I'M thymidine, and 10% FBS, the pro-
cedure of which was initiated 16 h after the cell inoculation and repeated 
every 2 days fo r 10- 14 days until hybridomas grew to form colonies. 
Preparation of M onoclonal Antibodies 
The hybridomas established were successively expanded by cul tures 
in Costar 24-well plates, 12-well plates, and Corning square plastic 
fl asks using BALB/c mouse thymocytes as feeder ce lls. Finally, t he 
hybridomas secreting peculiar antibodies were cloned in 96-well p lates 
by means of limit ing dilution method using BALB/c mouse t hymocytes 
(1 x 106/ well ) as feeder cells . The supernatants of cloned hybridoma 
cul tures were taken and used for experiments. 
Determination of Immunoglobulin Class of Monoclonal Antibodies 
The method of Hawkes et al [12] was adopted with a modification. 
Briefly, small portions of dilu ted anti mouse immunoglobulin sera spe-
cific for heavy h', ,_, ,or a ) or light (• or X) chains (Miles) were spotted 
on a sheet of ni t rocellulose membrane and t hen success ively treated 
with PBS solution conta ining 1% bovine serum a lbumin (2 h at room 
temperature), hybridoma cul ture fluids (1 h at 4 'C), and a solu t ion of 
peroxidase-conjugated F(ab 'h fragments of rabbit ant imouse immu -
noglobulins (1 hat 4 'C). In each step of the treatment, the membrane 
was washed well with PBS. The specific binding of monoclonal anti -
body in the hybridoma culture fluids to a specified anti -immunoglobulin 
a ntibody was dete rmined by treating the immune complex with PBS 
containing 0.01 % hydrogen peroxide and 0.5% 4-chloro-1-napht hol (30 
min at 37' C). Posit ive reactions were visualized as gray spots. 
Indirect Immunofluorescence (JJF) with Monoclonal Antibodies 
Normal human skin ti ssues were frozen a nd stored a t - 80'C (for no 
longer than 28 days). Cryostat sections (6 ,_,m thick) were prepared 
from t he frozen skin t issues and a llowed to a ir-dry at room temperature. 
The sections were overlayed with hybridoma culture supernatants, 
incubated in a moist chamber fo r 30 min at 37'C, and then washed 
twice with PBS. These sections were treated with 1:50 diluted FITC-
conjugated rabbit anti mouse immunoglobulin se rum for 30 min a t 37'C. 
Afte r washing with PBS, the fluorescein -labeled sections were mounted 
with 90% glycerol-PBS a nd examined under a Nikon fluorescence 
microscope. 
E nzyme-Linked Jmmunosorbent Assay (ELISA) 
ELISA was applied only for the examination of a nt ibody reactivi ty 
with kera t in . Tota l kera tin was isola ted from hu man ca llus as described 
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in previous reports [13,14]. The lyophilized keratin (1.0 mg) was 
dissolved in 10 ml of 8 M urea containing 100 ,_,1 of 2-mercaptoethanol. 
After dialysis aga inst Tris- HCI buffer for 2 days, a solution containing 
100 ,_, gjml of keratin was used for assays. The reactivity of monoclonal 
ant ibodies wit h keratin was examined by t he method of Woodcock-
Mitchel et a l [10] wit h a minor modification . The wells of microtiter 
plates (flex ible, polyvinyl chloride, Costar) were coated wit h keratin by 
incubating with 100 ,_, 1 of the keratin solut ion at 4' C overnight. T he 
remaining nonspecific sites were covered with bovine serum aibumin 
by replacing the kerat in solut ion wi t h borate-buffe red saline containing 
1% bovme serum albumin and incubat ing for 1 h at room temperature. 
The wells were washed 3 t imes wi t h PBS, and t he keratin bound to t he 
wells was incubated for 1 h wit h monoclonal ant ibodies. T he mono-
clonal ant ibody-treated keratin was then incubated wit h a solu t ion of 
peroxidase-conjugated F (ab 'h fragments of rabbi t ant imouse immu-
noglobulin for 1 h at 37' C a nd washed 5 t imes wi th P BS. The activity 
of peroxidase bound to keratin was assayed by incubating wi th a 
solu tion containing 0.05% 2,2' -azino-di (3-ethylbenzthiazoline)-6-sul -
fonic ac id (ABTS, Sigma) and 0.01 % hydrogen peroxide in 0.05% 
citrate buffer, pH 4.0, 30 min at 37' C. T he binding capacity of mono-
clonal antibodies wi t h keratin was estimated from the development of 
a green color in t he test solution. 
RESULTS 
Morphology of Isolated Epidermis 
Dispase treatment of the human skin resulted in t he distinct 
separation of epidermis from dermis. The observation with a 
hematoxylin-eosin-stained section of the dispase-treated skin 
displayed clefts at a dermal-epidermal junction and between 
eccrine ducts and dermis (Fig l a) . Observation by scanning 
electron microscopy showed that hair fo llicles and eccrine ducts 
remained in t he epidermal sheet wit hout de formation (Fig lb). 
The epidermal sheets isolated from dermis by dispase t reat-
ment were t reated with trypsin to obtain free cell suspensions, 
which were used fo r immunization. 
Selection of Antibody-Producing Hybridomas 
Culture in selection medium of somatic cell hybrids between 
the P3x63Ag8.653 cells and spleen cells of a mouse hyperim-
mune to cells isolated from human epidermal sheets did yield 
growing hybridoma colonies in 263 wells. In the init ia l screening 
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by IIF, hybridomas in 253 wells were found to produce antibod-
ies reactive with normal skin tissues and t hey were classified 
in terms of the fo llowing immunof1uorescence patterns: (a) 
diffusely distributed f1uorescence on the whole epidermal layer 
except stratum corneum (antibodies from hybridomas in 159 
wells); (b) accentuated t1uorescence in the upper epidermal 
layer (41 hybridomas); (c) distinct fluorescence in stratum 
corneum, upper and lower epidermal layers (19 hybridomas); 
(d) localized fluorescence in dermis except for epidermal ap-
pendages (11 hybridomas); (e) di stinct f1uorescence in the lower 
epidermal layer (9 hybridomas); (f) f1uorescence in both dermis 
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and epidermis except stratum corneum (9 hybridomas) ; (g) 
focal f1uorescence pattern in dermis and epidermis (3 hybrido-
mas); (h) f1uorescence in whole skin tissues (1 hybridoma); (i) 
fluorescence in stratum corneum and upper layer of epidermis 
(1 hybridoma). 
Immunofluorescence of Skin Tissues with Monoclonal 
Antibodies 
We cloned the hyb ridomas that produced particular antibod-
ies to skin components. The established 8 clones were desig-
nated as MoAb AHS-1 to -8 and their antibody class and 
F IG 2. Indirect immunofluorescence staining of norma l human s kin sections with monoclonal antibodies (x200). a and b, Sections stained 
with MoAb AHS-2 and AHS-3, respectively. Cytoplasms of the whole epide rma l layer ce ll s are stained. MoAb AHS-1 showed a sim ilar staining 
pattern (figure not shown) . c, MoAb AH S-4 : membrane parts of the epidermis are stained. d, MoAb AHS-5: the cytoplasms of t he upper 
epidermal layer are stained. e, MoAb AHS-6: the dermis is se lect ively sta ined. E = epidermis. [, MoAb AHS-7: basement membrane zone is 
select ive ly stained. Arrows indicate t he dermal-epidermal junction. E =epidermis; D = dermis. 
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FIG 3. Indirect immunotluorescence sta ining of human skin components (magnification 200x except Fig 3b). a, MoAb AHS-4 st.ai ned a reas 
of ha ir follicles , eccrine ducts a nd glands. b, MoAb AHS-4: enla rged view of a ha ir follicle. Cell membranes of a hair fo llicle are stained (X400). 
c and d, MoAb AHS-8: staining of eccrine ducts. Note t he stained ac rosyringium (AS) and dermal eccrine ducts (ED) (Fig 3c) and unstained 
eccrine gla nds (*) (Fig 3d) . 
TABLE I. Characterization of antihuman skin monoclonal antibodies 
Mono- React ivity Fluorescence positive areu 
clona l lg class with 
anti - (L chai n) ca llus Tissue area Component body keratin 
AH S-1 IgM (~) ++ Epidermis Cytoplasm 
AHS-2 lgG, (~) + Epidermis Cytoplasm 
AHS-3 IgG , (~) Epidermis Cytoplasm 
AHS-4 lgG2, (K) E pide rmis Cell 
membrane 
AHS-5 lgG"" (~) Upper Cytoplasm 
epidermis 
AHS-6 lgM (~) Dermis 
AHS-7 lgG2, (~) Basement 
membrane 
AHS-8 lgM (K) Eccrine 
ducts 
subclass were characterized by means of enzyme-linked im -
munoassay (Table I). The immunologic specifici t ies assayed by 
IIF of these monoclonal antibodies are shown in Table I and 
Figs 2 and 3. 
MoAb AHS-1, AHS-2, and AHS-3 stained cytoplasms of 
both upper and lower epidermal layers (Fig 2a,b) . In cont rast 
to t hese ant ibodies, MoAb AHS-4 sta ined particularly the cell 
membranes of the epidermis (Fig 2c). In addi tion to epidermis, 
a ll these antibodies stained epidermal appendages including 
eccrine ducts and glands (except MoAb AHS-1) and hair folli -
cles (cytoplasmic stain by MoAb AHS-1, AHS-2, or AHS-3 and 
p lasma membrane sta in by MoAb AHS-4) (Fig 3a.,b) . 
MoAb AHS-5 selectively sta ined cytoplasms of the upper 
epidermal layer, but not lower ep idermal layer (Fig 2d) . MoAb 
AHS-6 and AHS-7 selectively stained t he dermis (Fig 2e) and 
the basement membrane zone (Fig 2/), respectively. MoAb 
AHS-8 was specifically reactive with the area of ep idermal and 
dermal ecc rine ducts (Fig 3c,d). 
As has been reported [13,14], a portion of skin antigens, 
especially cytoplasmic ant igens in the epidermal tissues, ap-
peared to be keratin polypeptides. Therefore, we examined the 
reactivity of the monoclonal ant ibodies with total keratin iso-
lated from human callus. Both MoAb AHS-1 and AHS-2, but 
not the other 6 ant ibodies, were reactive with the keratin as 
determined by means of ELISA (Table 1), suggesting that 
ant igenic determinant(s) defined by either MoAb AHS-1 or 
AHS-2 was present in keratin components. 
None of t he present monoclonal ant ibodies was reactive with 
eit her normal human leukocytes or erythrocytes, as judged by 
IIF or hemagglutination tests. 
DISCUSSION 
Although ant isera that can discriminate differe nt human 
skin t issue antigens were obtained from patients with skin 
diseases, such as pemphigus [1 ,2] and bullous pemphigoid [3], 
the monoclonal ant ibodies reactive with human skin tissues 
have been prepared only fo r keratin components [10]. In this 
work we prepared monoclonal antibodies against human skin 
t issues. T hese ant ibodies could discriminate at least 7 antigenic 
systems present in the human skin ; (1) ant igens distributed in 
whole epidermal layers and which shared t he antigen ic deter-
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minant(s) with keratin polypeptides (defined wit h MoAb AHS-
1 and AHS-2), (2) cytoplasmic ant igen(s) distributed in whole 
ep idermal layers and its appendages but absent in keratin 
polypeptides obtained from human callus (defined with MoAb 
AHS-3), (3) cytoplasmic ant igen(s) localized in upper epidermal 
layer (defined with MoAb AHS-5), (4) cell surface antigen(s) 
present in ep idermis including its appendages (defined with 
MoAb AHS-4), (5) ant igen(s) unique to dermis (defined with 
MoAb AHS-6), (6) ant igen(s) unique to basement membrane 
zone (defined with MoAb AHS-7), and (7) ant igenic compo-
nent(s) present in ecc rine ducts (defined with MoAb AHS-8). 
MoAb AHS-1 and AHS-2 displayed similar staining patterns 
in the skin t issues and were reactive with the total keratin; 
however, t he immunoglobulin subclasses of these monoclonal 
antibodies were different and they might recognize different 
determinants of keratin components as indicated from the 
reactivity in ELISA (Table 1). MoAb AHS-3 resembled MoAb 
AHS-1 and AHS-2 in t he staining pattern. MoAb AHS-5 also 
stained the cytoplasms of epidermal tissue but on ly the area of 
upper epidermis, suggesting the possible association of anti-
genic expression with epidermal differentiation t hat results in 
the stratificat ion of the epidermis. Both MoAb AHS-3 and 
AHS-5 are unreactive wit h callus keratin, but t here remains a 
possibility that these ant ibodies may be reactive with keratin 
po lypeptides other than t hose in callus keratin, since normal 
epidermis is fou nd to possess several kerati n polypeptides that 
are absent in callus keratin [15]. 
MoAb AHS-6 stained preferentially the dermal layer. Al -
though t he ·immunizing cells were derived mainly from epider-
mal t issues (Fig 1), they might contain a portion of dermal 
t issue which could give rise to a cell clone producing antibodies 
against a dermal component. 
MoAb AHS-8 did selectively sta in the areas of eccrine ducts. 
As an addi t ional experiment, we examined the reactivity of this 
antibody with several carcinoma cell lines. The ant ibody was 
reactive with a colorecta l adenocarcinoma cell line, but not 
wit h cell lines from a t ransit ional cell carc inoma of the bladder 
or from a squamous cell carcinoma of t he skin (assayed by 
mixed hemadsorpt ion test) (data not shown). Despite the clea r 
sta ining at the area of eccrine ducts, defini te localization of the 
antigen responsible for t his antibody is as yet undefined. 
MoAb AHS-4 resembles pemphigus antibodies [1,2] in their 
staining pattern. However, the identities of t he ant igenic de-
terminants defined with the former and t he latter antibodies 
require further study. MoAb AHS-7 stained t he basement 
membrane zo ne of t he skin, t he area which had been reported 
to be stained with bu llous pemphigoid antibodies [3]. Other 
antigens that have been detected in the basement membrane 
zones include dermatitis herpetiformis-associated antigen 
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[16], laminin [17], and type IV collagen [18]. Biochemical 
ident ification and definite locali zation of antigens recognized 
by present monoclonal antibodies are current ly being investi-
gated by means of sodium dodecyl sul fate-polyacrylamide gel 
electrophoresis in conjunction with enzyme- linked immunoas-
say and by immunoelectron microscopic observations. 
A set of the monoclonal antibodies prepared in t his work can 
provide useful probes for studies in wide areas of dermatology. 
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